Recently, heterocyclic compounds analogues and their derivatives have attracted strong interest in medicinal chemistry due to their biological and pharmacological properties. The small and simple benzothiazole nucleus possesses numerous biological properties like -antitumor, antimicrobial, anti-inflammatory, anticonvulsant, and antidiabetic activities. These activities are also possessed by its substituted derivatives as well. The present review focuses on some commonly used easy procedures to synthesize the benzothiazole moiety and its derivatives, which comprise of different biological activities.
INTRODUCTION:
The chemistry and biological study of heterocyclic compounds has been an interesting field for a long time in medicinal chemistry. A number of heterocyclic derivatives containing nitrogen and sulphur atom serve as a unique and versatile scaffolds for experimental drug design 1 . Benzothiazole is one of the most important heterocycle that has received overwhelming response owing to its diversified molecular design and remarkable optical, liquid and electronic properties 2 .
Benzothiazole consists of thiazole ring fused with benzene ring and possess multiple applications. In 1950s, a number of 2-aminobenzothiazoles were intensively studied as central muscle relaxants. Since then, biologist's attention was drawn to this series when pharmacological profile of Riluzole (6-trifluoormethoxy-2-benzothiazolamines, Rilutek), as a Glutamate neurotransmission inhibitor was discovered. After that benzothiazole derivatives have been extensively studied and found to have diverse chemical reactivity and broad spectrum of activity [3] [4] [5] [6] [7] .
Due to these biological activities, the synthesis of benzothiazole is a considerable area of current discussion. The classical method involves condensation of o-aminothiophenols with substituted aldehydes [8] [9] [10] [11] [12] [13] [14] , acyl chlorides, carboxylic acids [15] [16] or esters, nitriles 17 . Other most commonly used methods include Pd/Cu/Mn/chloranil catalyzed cyclization of ohalothioformanilides [18] [19] [20] [21] [22] . The survey of literature related to benzothiazoles reveals the presence of this bicyclic ring system in various amine or terrestrial natural compounds, which have useful biological properties 23 . Benzothiazole derivatives possess a wide spectrum of biological applications such as antitumor , antimicrobial , schictosomicidal 84 , antiinflammatory [85] [86] [87] [88] [89] [90] [91] [92] [93] , anticonvulsants [94] [95] [96] [97] [98] [99] [100] [101] [102] , antidiabetic [103] [104] [105] [106] [107] [108] , antipsychotic 109 and diuretic 111 etc.
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Given review is a brief account of some commonly used methods to synthesize benzothiazole derivatives and various structural alterations conducted on benzothiazole ring and preferential specificities imparted in their biological responses.
Some common routes to synthesis of substituted benzothiazole derivatives:
 Condensation of o-aminothiophenol with aldehydes: Treatment of o-aminothiophenols with substituted aldehydes affords the synthesis of 2-substituted benzothiazoles using different catalysts and reaction conditions. Treatment of 2-aminothiophenol and substituted aromatic acids in presence of Polyphosphoric acid provides a good method to synthesize 2-substituted benzothiazoles and gives a good yield [14] [15] [16] . 
CYCLIZATION OF THIOFORMANILIDES USING DIFFERENT REAGENTS
Catalysts (a-e):
a. Further aryl substituted 2-phenyl benzothiazoles (1.5) and L-lysyl and l-alanyl amide prodrugs of 2-(4-aminophenyl) benzothiazole (1.6) were found to possess exquisitely potent anti-proliferative activity [29] [30] . 
1.10
A series of 2-(4-acylaminophenyl) benzothiazoles (1.11) and polyhydroxylated 2-phenylbenzothiazoles (1.12) were screened for anticancer activity and found to be very active against breast MCF-7 and MDA 468 cells 33, 34 . 
1.12
Devmurari et al., prepared a series of seven substituted 2-phenyl benzothiazoles and substituted 1, 3-benzothiazole-2-yl-4-carbothioate derivatives. All synthesized novel compounds were screened for anticancer activity and compounds (1.13) and (1.14) showed very good anticancer activity 35 . 37, 38, 23 . 39, 40 . 
1.23
N-(benzothiazol-2-yl) derivatives of 2-benzylthio-4-chloro-5-R 1 -benzenesulfonamides were prepared and evaluated for activity and selectivity towards non-small cell lung cancer and melanoma cell lines. Compound (1.23) was found more potent due to high lipophilicity of CH 3 group as compared to CN or CONH 2 group 43 .
benzothiazol-6-yl] benzamide (1.24) and fluorinated benzothiazolesubstituted-4-hydroxy cyclohexa-2, 5-dienones (quinols) (1.25) was synthesized and found to possess good antitumor activity 44, 45 . 
1.25
A number of N-bis-(triflouromethyl)-alkyl-N'-benzothiazolyl ureas were prepared and derivatives with an electron withdrawing substituent showed greater activity towards the tumor cell lines. The compounds (1.26) and (1.27) were found to have significant action on prostate, CNS, renal and leukaemial cancer cell lines 46 . 
(R= H, NHAc)
Several novel 2-carbonitrile (1.28) and 4-thiazolidinone (1.29) benzothiazole derivatives were synthesized and screened for anticancer activity on leukaemia, melanoma, lung, colon, CNS, ovarian, renal, prostate and breast cancer cell lines 47, 48 .
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Benzothiazole containing phthalimide (1.30) were synthesized and found to exhibit in-vitro cytotoxic potential on human cancer cell lines 49 .
A new series of benzothiazole substituted Quinol ethers and esters (1.31) were found to be active invitro against human colon and breast cancer cell lines 50 . 
1.31
The cytotoxicity studies of test compounds 2-(substituted phenyl) benzothiazoles (1.32) was done against human A-549, BFTC-905, RD, MES-SA and HeLa carcinoma cell lines 51 .
A new series of 2-(4-aminophenyl) benzothiazole derivatives with a cyano or alkynyl group at 3' position was prepared and evaluated for antitumor activity. 
1.32
Kamal and co-workers synthesized benzothiazolo-4β-anilino-podophyllotoxin (1.34) and benzothiazolo -4β-anilino4 -O-demethylepipodophyllotoxin (1.35) cogeners and screened some compounds for cytotoxicity studies against human cancer cell lines and DNA Topoisomerase-II inhibitory activity 53 . 
2.3
A series of fluoro, chloro2-(α-subsituted aryl amino acetamido) benzothiazoles (2.4) and 2-[1-aryl azo] methyleneimino-6-chloro benzothiazole derivatives (2.5) were prepared and showed significant antibacterial activity when examined against B. subtilis, S. typhi, E. coli and S. aureus bacterial strains 56, 57 . and low molecular weight 2-mercapto benzothiazole derivatives (2.8), (2.9) and fluoro benzothiazole incorporated with 1, 3, 4-thiadiazole were found active against E. coli, B. subtilis, P. typhii and S. aureus, Candida albicans and Aspergillus niger [58] [59] [60] . 67, 68 . Katz et al synthesized some derivatives of 2-hydrazinobenzothiazole (2.34) and evaluated them for anti-tuberculous activity 77 . (c) Antihelmentic activity: Some fluoro benzothiazole Schiff bases (2.36) and sulfonamido pyrazole derivatives of fluorobenzothiazoles (2.37) were prepared and examined for anthelmintic activity against earthworm Perituma posthuma. Some of the analogs showed significant activity 79, 80 . (f) Antileshmanial and Antischistosomicidal activity: Acridone derivatives of benzothiazole were synthesized and evaluated for antileshmanial activity towards Leishmania promastigotes. Two derivatives, 4-(6-nitro-benzothiazol-2-ylamino)-10H-acridin-9-one (2.42) and 1-(6-amino-benzothiazol-2-ylamino)-10-H-acridine-9-one (2.43) revealed a selective antileishmanial activity. The prersence of a 6-amino benzothiazole group on position 2-amino chain and a 6-nitro benzothiazole group on position 4 amino chain was found essential for antiamastigote properties 83 .
A series of benzothiazol-2-yl-dithiocarbamates (2.44) and their copper complexes was prepared and evaluated for their in-vitro Schistosomicidal activity against Schistosoma mansoni. The copper complexes showed an activity similar to Praziquantel with 100% worm mortality at 10 µg/ml 84 . Venkatesh et al. synthesized some novel 2-amino benzothiazole derivatives and evaluated them for antiinflammatory activity. Test compounds (3.1) showed significant anti-inflammatory activity and it was noted that when the 2-amino benzothiazole is substituted at 4 or 5 positions with electron withdrawing groups like Cl, NO 2 , OCH 3 increase in anti-inflammatory activity was found 85 . 
3.1
A new series of 2-substituted benzothiazole derivatives was prepared by Shashank and co-workers. All synthesized compounds were evaluated for antiinflammatory activity and (3.2) and (3.3) were found to be the most active among the series. The maximum activity may be due to presence of -F and -OCH 3 groups. The same series of compounds also showed good anticancer activity 86 . 
R=o/m-toluidine, m-chloroaniline
Various substituted 4-(m-hydroxy-p-methoxy phenyl)-1-*(6'-flouro-7'-substituted (1, 3) -benzothiazol-2'-yl)-amido-2-phenyl]-3-chloro azetidin-2-one were synthesized and evaluated for anti-inflammatory activity. Among tested compounds (3.5) and (3.6) showed significant activity 88 .
A series of 3-pyridylmethyl-substituted-2-amino-6-hydroxy benzothiazoles (3.7) and 7-chloro-6-flouro-N (substituted hydrazones)-benzothiazoles (3.8) was synthesized and tested for anti-inflammatory activity. Test compound (3.7) imparted a dual inhibitory action against leukotriene B 4 and thromboxane A 2 , which was a result of direct action on 5-lipoxygenase and TXA 2 synthetase 89, 90 . 
3.8
Synthesis of N-{6-fluoro-7-(substituted)-amino]-1, 3-benzothiazole-2-yl}-2/3/4-nitrobenzamides derivatives was carried out and screened for anti-inflammatory activity. The compounds (3.9), (3.10) were found to exhibit 70-78% inhibition in carrageenan induced paw oedema model in comparison to the standard Diclofenac (80%) 91 .
2-Amino-heteroaryl-benzothiazole-6-anilides were discovered and evaluated for the anti-inflammatory activity. The 2-aminopyridyl analogue and 2-aminopyrimidinyl analogue (3.11) were identified as potent lck inhibitors with excellent cellular activities against T-cell proliferation 92 . 
3.11
Khokra et al., IJPSR, 2011; Vol. 2(6) 
3.12
Structure no. R group 3.12 a -CH=CH-
4. Anticonvulsant Activity: For anticonvulsant activity, a large number of benzothiazole derivatives were evaluated and found to possess significant activity against various types of seizures. In search of potent anticonvulsants containing benzothiazole moiety, a series of N-(6-substituted-1, 3-benzothiazol-2-yl)-4-{[(subsituted amino) carbonothioyl] amino} benzene sulfonamides (4.1) and prop-2-eneamido and 1-acetylpyrazolin derivatives of aminobenzothiazole (4.2) were synthesized and most of the compounds were active as anticonvulsants in MES and PTZ induced seizures 94, 95 . Substituted 4-(m-hydroxy-p-methoxy phenyl)-1-*(6'-flouro-7'substituted (1, 3)-benzothiazole-2'-yl) amido-2-phenyl]-3-chloro azetidin-2-ones (4.6) and benzothiazol-2-yl thiadiazole derivatives (4.7) showed significant activity against PTZ and MES induced seizures 98, 99 . 
A series of dipeptidyl peptidase inhibitors IV for the treatment of type 2 diabetes was synthesized and evaluated. The compound (3R)-3-amino-4-(2, 4, 5-trifluorophenyl)-N-{4-[6-(2-methoxyethoxy)-benzothiazol-2-yl] tetrahydropyran-4-yl}butanamide (5.3) was found to reduce the blood glucose level to a significant extent in an oral glucose tolerance test 105 .
Anti-diabetic activity of novel N-(6-substituted-1, 3-benzothiazol-2-yl) benzenesulfonamides derivatives was determined on a NIDDM rat model. The compounds (5.4) and (5.5) were found to be potent inhibitor of 11β-hydroxy steroid dehydrogenase type-1 and showed 38-53% inhibition at 10µM concentration 106 . Further, Paoli and co-workers prepared a small library of 2-arylsulfonyl aminobenzothiazoles and screened them for protein tyrosine phosphatase 1B inhibition. The most active compounds (5.6), (5.7) were observed rapid reversible inhibitors of PTP-1B and significantly lowered plasma gluose concentration 107 . CONCLUSION: This review shows that 2-substituted benzothiazoles own a wide spectrum of biological activities. The benzothiazole substituted quinol ethers and esters, substituted 2-(4-amino phenyl) benzothiazoles and 2-carbonitrile, 4-thiazolidinone and and phthalimide linked benzothizoles are having specifically awesome antitumor activity. Significant antibacterial activity is displayed by some novel triazole, oxadiazole and pyrimidine derivatives of benzothiazoles. Various 2-substituted benzothiazoles are found to have potent anti-inflammatory activity. An interesting anticonvulsant activity is demonstrated by a number of azetidine2-one and semicarbazone analogues of benzothiazole. The 2-hydrazino benzothiazoles are found to be active as antitubercular agents, whereas biphenyl benzothiazole-2-carboxamide is showing carbonic anhydrase inhibitory action.
The biological profiles of this new generation of benzothiazoles represent much progress with regard to older compounds.
